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President-E. D. D. DAVIS, F.R.C.S. [November 4, 1938] DISCUSSION ON RADIOGRAPHY of the petrous bone presents many difficulties. As Thienpont has said, it is extremely difficult to secure at two different times Stenvers' incidence in exactly the same position.
In order to overcome these difficulties, we have: (1) Designed an apparatusthe " stereoradiographic centering" apparatus; (2) adopted a method of centering in two stages-the " anatomo-geometric " method; (3) endeavoured to improve the quality of radiograms by a precise localization process-" anti-diffusion analysis "; (4) systemically used " partial incidences"; and (5) made use of stereoradiography.
By combining these different factors we arrived at a method of radiographic analysis to which we gave the name of anti-diffusion stereoradiographic analysis.
Briefly, this is a method of radiographic exploration by which analytic principles can be easily applied to the domain of radiology. Its purpose is to decompose the radiographic exploration of an organ or anatomical region into a series of fragmented secondary examinations, each one of the smallest parts of the organ being considered as an entity.
The apparatus which enabled us to carry out with ease this apparently very complicated procedure may be briefly described as follows It consists of a table provided with a mechanical device connecting the X-ray tube with the examination table. The connexions are established in such a way that the X-ray tube may be moved in a line parallel with the table or along an imaginary spherical surface the centre of which corresponds with the centre of the film, at the point of junction of the diagonals. The casette support may, in its turn, be displaced within the plane of the table, and it carries along with it the central ray which always passes through the centre of the film. From the casette-holder DEC.-OTOL. 1 a beam of light is directed towards the focus of the X-ray tube. This lirht-beam, impinging on the part resting on the casette, indicates, by a luminous spot. the point of exit of the central ray. Finally, on one side of the casette is to be fouind a combination guiding-table and negatoscope, under which is a movable target-finder.
The knobs controlling the movements of this finder act, at the same time. IupOnl the casette-holder and on the central ray. Two-8tagefocusing, or anatomo-geometric method. In the first stage of this method.
the usual anatomical landmarks are utilized and a radiogram of 8 cm. or inore is taken. By the use of concentrated developing and fixing soluitions, this is obtained in three minutes.
In the second stage the patient's head being immobilized adequately, the operator proceeds with a graphic centering on the first radiogram which is laid, while still wet, on the guiding-table-negatoscope. This centering is made on the part of which he desires a smaller and clearer radiogram ; that is to say the centre of the target-finder is brought exactly under that part and a smaller diaphragm-one of 3 cm.. for example -is put on the localizer. Thus a second radiogram, 3 cm. in diameter, is obtainable.
It may thus be seen that it is possible to fraction the radiographic exploration of an organ into a series of successive examinations. We have noted that the clearness of an image is considerably increased when the diameter is reduced to 5 or 6 cm.; this has also been noted by Lysholm. It is because of the almost total elimination of the diffused rays that this remarkable sharpness is obtained. The improvement of the image is still further increased by a feature of the centering apparatus. Even with a 5 cm. field it may happen that there is s;ome diffusion in certain parts of the radiogram. It is the case, for instance, with Stenvers' incidence for the temporal bone. There appears around the mastoid a zone of diffusion (halo) caused by an area of over-exposure. It is easy to get rid of this halo by bringing into play the concentric circles of the target-finder, which enable uls to exclude from the final radiogram the black areas of over-exposure.
Then again, the region to be examined often presents zones of varied opacity:
the time of exposure for the whole temporal bone is suitable neither for the mastoid nor for the labyrinth. Here also it becomes easy, with the aid of the first radiogram, to divide the radiographic examination into a series of secondary examinations, taking into account the difference in opacity of the different parts. To this combined method, the purpose of which is to improve the quality of the images, we have given the name of " analytic antidiffusion " in opposition to the total antidiffusion obtained with certain diaphragms, such as the Potter-Bucky. Partial incidences. In the antidiffusion radiographic analysis there is also, besides the question of fineness, that of incidence. As might have been foreseen, experience has shown us that, in order to be best brought out, each part of the temporal bone requires its own incidence. To the radiograms obtained when practising the fragmentation mentioned above and varying the angle according to the region to be examined, we have given the name of " partial incidences These play a very important part in the analysis of the petrous portion, especially in cases of fractures. Stereoradiography.-Separating the different planes in depth, as it does, stereoradiography brings to the analytic method a new element. Compared with ordinary radiography, it offers certain advantages, such as its amplifying role in visual perception.
Its simplicity is undeniable; one needs only to see the centering apparatuis in operation to realize this. Its advantages are, however, still questioned by some workers. It seems to us that this difference of opinion is mainly based on the qualitv of the radiograms used.
In order that radiography should be entirely satisfactory, the images should be extremely rich in detail; they must present a wide gradation of tints especially a, Sectton of Otology 121 wide range of greys; they must not, of course, show any black portions. With such radiograms the observer is enabled to view, orthoscopically or pseudoscopically, the continuity of the upper and lower surfaces, which cannot otherwise be dissociated. This technique greatly increases the possibilities of radiographic examination of the craniumi, most of the orifices, cavities, and eminences of which may be studied separately. The precision of the anatomo-geometric method enables one to bring the image of an orifice, for instance, to be projected on the image of a plane surface of equal thickness, resulting, on the film, in a homogeneous radiogram. Stereoradiography then comes into play, enabling differentiation of the two images to be made.
A whole series of new incidences may thus be realized which cannot be obtained when one is focusing with the aid of guiding-marks taken on the surface of the skull.
The precision of this method has enabled us to explore stereoradiographically the jugular foramen and its margins. It has also enabled us to make a detailed study of Stenvers' position, already made by Graham Hodgson a few years ago.
Let us suppose that we have realized this incidence while placing the cylindrical localizer vertically. We note that the X-ray tube may be shifted two ways-towards the mastoid or towards the petrous apex. The study of the images corresponding to these twi-o displacements has shown us that the projections of the superior semicircular canal and of the auditory meatus follow two rules:
Rule I.-The shape of the image of the superior semicircular canal varies proaressively as the X-ray tube is moved from the mastoid towards the apex; at first broadly ovoid, it assumes the shape of a more and more elongated oval, then becomes linear, and finally becomes a triangle the apex of which is upwards, the sides becoming iniost widely separated as the tube reaches the end of its course towards the apex.
Rule II.-The radiological aspect of the internal auditory meatus is closely allied with that of the vertical superior canal; when the latter assumes an oval shape the auditory meatus presents itself transversely, is seen indistinctly, without free borders, and the internal orifice of the fallopian canal is projected on the bottom of the internal auditory meatus. When the superior canal appears as a triangle, the auditory meatus is seen obliquely, its free border is very distinct, and the internal opening of the fallopian canal is projected near the free border of the meatus.
These two rules show that, in order to be distinctly brought into evidence, each one of these parts of the petrous pyramid requires its own incidence. Moreover, they lead tis to the definition of a basic incidence. We will call Plo this standard incidence, in which the superior semicircular canal is seen in profile and in which the horizonital canal is likewise seen in profile. Starting from this incidence, we are enabled to represent with precision each particular incidence by means of a formula.
If S be the source of X-rays, P the petrous apex, M the mastoid, wNe note that: Plo -> M -6 means that, after having started from position Plo, we have shifted the X-rayrube 6°towards the mastoid for the second radiogram.
We w-ere thus led to the adoption of three partial incidences derived from Stenvers, incid.ence:-
(1) The superior semicircular canal incidence Plo + S-.M -6 -12 (2) The cochlear incidence, represented by PIo itself, inasmuch as the axis of the cochlea coincides with the central ray.
(3) The internal auditory meatus incidence.
PIo + S-*P 12 -18 These find an application in the radio-diagnosis of fractures of the labyrinth. In fact, as was shown at the Antwerp Congress, these linear fractures are visible within an angle of exploration included between PIo and PIo + S -> M -12.
Antidiffusion stereoradiographic analysis has given us satisfactory results in practice-specially in cases of mastoiditis, labyrinthitis, petrositis, fistulas of the canals, foreign bodies, &c. But the results were not so precise when exploring cavities of the middle ear and for the diagnosis of lesions of the walls of these cavities. So that in order to get rid of the superpositions which mar the images of the tympanic cavity proper, the aditus, and the antrum, we were led to use tomography.
Tomography.-Instead of using a continuous movement of the X-ray tube and film, we resorted to a " fractional displacement ", that is to say that during the various exposures tube and film were immobilized. (Mathematically, of course, a continuous movement is the result of an infinite series of elementary movements.) We thought that the final image would thus probably gain in neatness, and that additional data might be obtained. Indeed when a continuous linear movement is used the image of a point not situated in the plane of section shows on the film as a line and it is difficult to say whether, in realitv, we are dealing with a moving spot or with a line, whereas with the fractional displacement the linear image shows as being formed by a series of fine dots and it is thus possible to see that it is the projection of one point alone. Therefore, by this method, the parts situated outside the sectional plane are recognizable, and this adds a complement of information to the tomogram. These images being of very slight intensity, do not interfere with the reading of the sectional plane: moreover, it is easy to further attenuate them by increasing the number of exposures.
While trying to ascertain the number of exposures necessary for obtaining a clearly readable tomogram, I was astonished to find that very few were sufficient-for instance five or six for a spongy temporal bone. For my research on the temporal bone I was therefore led to use my centering apparatus as a tomograph, and the work proved to be extremely easy.
This method of discontinuous tomography, which might also be called "tomography by successive exposures ", does away with the vibrations produced by the sharp motions of the mechanical parts of the apparatus used in ordinary tomography.
With6ut entering into technical details of radiography, I may say here that the objections formerly raised to tomography on the grounds of the trouble and expense involved, are no longer valid, since with our technique, it takes only about ten minutes to obtain three 9-by-12 cm. films, a stereoradiographic couple and a tomogram of a section automatically passing through a selected part. We endeavoured, therefore, to combine antidiffusion stereoradiographic analysis with tomography.
Antidiffusion analysis applies especially to surfaces; tomographical analysis to depth; by combining both we are led to the analysis in three dimensions, and this is easily accomplished with the modified stereoradiographic centering apparatus.
To sum up: This method enables us to cut out radiographically within the cranium any pre-selected bony structure of very small volume and to make an antidiffusion-stereoradiographic analysis of it. Of course it is impossible to make the 3-dimensional analysis without preliminary accurate localization so that the latter is necessarily part of the method. This 3-dimensional analysis may be successfully applied to the special incidences used in otology, but they do not all equally benefit by it. For instance, in our experiments on the dry skull, whereas in a tomogram of the petrous portion in Stenvers' position, the different parts of the labyrinth are still recognizable, they do not show as clearly as on one of our stereoradiograms. On the other hand, the antrum and, especially, the tympanic cavity proper, are N.B-.This canal is seen distinctly while the metallic hooks fixed on the surface of the skull are hardly visible though recognizable (upper part of image). Note also the difference of clearness between the two metallic guide-marks, the clearer being the one placed in the aditus, the other being in the tympanic cavity proper. Stereo8tratigraphy.-The interpretation of images w%rith which we are not familiar is often difficult. That is why, remembering how stereoradiography had helped us in the interpretation of mastoid images, we tried to utilize it to obtain " relief " in stratigraphv.
Stratigram IV (Plate II, fig. 8 ) shows the bottomn of the tympanic cavity proper -ith its promontory and the fenestra ovalis partly surroulnded by the elbow%N of the facial canal.
In order to get the effect of relief clearly, the sections must be of a certain thickness: then, the two stratigraphic images must be subjected to an angular displacement equal to the stereoscopic angle. In our opinion, stereo-stratigrams are easier of interpretation than simple stratigrams.
By combining the height of the section level with variations of Schuller's incidence, we obtain planigrams more specially suited for the study of a given organ or part. For example, on Stratigram I (Plate II, fig. 7 ) we w%iere enabled to study particularly the horizontal semicircular canal.
Tomography seems to be of as great advantage with Mayer's incidence as with Schuiller's. In both cases the exploration of the tympanic cavity proper and the antrum is made possible, and lesions of the walls of these cavities may be correctly diagnosed. The 3-dimensional analysis applied to Mayer's incidence shows, better than the ordinary Mayer, the sides of these cavities which are, in this wav, freed from cells superposition.
By properly selecting the plane of section, stereostratigraphy may perhaps allowi us to investigate the deep wall of the antrum that we just see through an opening into the external wall (radiographic opening made by the section plane).
These tomograms are not quite so clear on the living as on the dry skull as the trabecular structure of the diploetic tissue disappears. This may be owing to the intensifying screens used, the sharpness of the lines being more or less marred through lack of sufficient fineness of their grain. We must look to the film manufacturers to help us in that direction.
I (B).-Combined Method for the Localization and Extraction of
Radio-opaque Objects by Means of the "Light Compasses" By Dr. C. CHAUSSE (Paris) THIs m-ethod is based ulpon the possibilities offered by my radio-stereoradiographiccentering apparatus which, for this particular purpose, has been improved bv the addition of two new light sources. One of these is attached to the lower end of the cylindrical localizer, giving the direction and path of the central ray and moving along with it; the other is attached to the upper arm of the frame, may be turned in any direction, and acts as a true theodolite.
To the apparatus thus equipped I have given the name of " light compasses The following study has been made independently, without reference to anything more or less similar which might have been done or published previously.
The position of a foreign body imbedded in the midst of a homogeneous m1iass,
where it is impossible to situate it by its relations with fixed anatomical landmarks, may be determined in several -ays. I adopt that which seems to be most helpful to the surgeon, to whom I propose indicating from the time he makes his first incision and throughout the operation-the direction in which the foreign body lies, as well as its depth; this being accomplished w-ithout any appreciable complication of the surgical technique.
